The Study on In vivo Biocompatibility & Biodistribution of Several Nanoscale Materials by 张斌
学校编码：10384                           分类号      密级        
学    号：200445004                                  UDC        
 
 




The Study on In vivo Biocompatibility &  
Biodistribution of Several Nanoscale Materials 
 
张  斌 
 
指导教师姓名：任 磊 副教授 
张其清 教授/博士生导师 
专 业  名 称：生物医学工程 
论文提交日期：2007 年 06 月 
论文答辩时间：2007 年 xx 月 
学位授予日期：2007 年    月 
 
答辩委员会主席：          
评    阅    人：          

























                声明人（签名）： 


































作者签名；            日期：  年   月   日 























第一章 绪论.............................................. 1 
1.1 引言 .................................................... 1 
1.2 纳米材料的四大效应 ...................................... 1 
1.3 纳米颗粒入侵人体的途径及去向 ............................ 3 
1.4 纳米颗粒毒性作用的影响因素 .............................. 6 
1.5 纳米材料生物效应可能的作用机制 .......................... 8 
1.6 本课题的研究背景 ....................................... 10 
1.7 本研究的提出和研究内容 ................................. 15 
参考文献 ...................................................... 18 
第二章 Au 纳米颗粒生物分布的初步研究..................... 22 
2.1 引言 ................................................... 22 
2.2 仪器与材料 ............................................. 22 
2.3 实验方法 ............................................... 24 
2.4 结果与讨论 ............................................. 30 
2.5 本章小结 ............................................... 64 
参考文献 ...................................................... 66 
第三章 近红外敏感的 Au-Au2S 纳米颗粒作为药物释放载体的体内生
物相容性和生物分布的研究 ................................ 67 
3.1 引言 ................................................... 67 
3.2 仪器与材料 ............................................. 69 
3.3 实验方法 ............................................... 70 
3.4 结果与讨论 ............................................. 74 














- 2 - 
参考文献 ...................................................... 89 
第四章 明胶－硅氧烷纳米颗粒作为基因载体的体内生物相容性和生
物分布的研究............................................ 91 
4.1 引言 ................................................... 91 
4.2 仪器与材料 ............................................. 92 
4.3 实验方法 ............................................... 93 
4.4 结果与讨论 ............................................. 97 
4.5 本章小结 .............................................. 114 
参考文献 ..................................................... 115 
全文结论及展望......................................... 117 
硕士期间发表论文情况 ................................... 120 















Abstract in Chinese................................................................................... I 
Abstract in English ................................................................................. II 
Chapter 1 Reviews ....................................................................................1 
1.1 Introduction.............................................................................................1 
1.2 Four Effects of Nanoparticles ................................................................1 
1.3 The Ways and Fates of Nanoparticles invading the human body ......3 
1.4 Factors of Toxicity of Nanoparticles......................................................6 
1.5 The Possible Mechanism of Biological Effects of Nanomaterials.......8 
1.6 Background of This Thesis...................................................................10 
1.7 Main Focus of This Thesis....................................................................15 
References............................................................................................................18 
Chapter 2 Preliminary Study on Biodistribution of Au Nanoparticles
...................................................................................................................22 
2.1 Introduction...........................................................................................22 
2.2 Equipment and Materials.....................................................................22 
2.3 Experimental Methods .........................................................................24 
2.4 Results and Discussion..........................................................................30 
2.5 Summary................................................................................................64 
References............................................................................................................66 
Chapter 3 In vivo Biocompatibile Study & Biodistribution of NIR 
Sensitive Au-Au2S Nanoparticles as Drug Delivery Vectors...............67 
3.1 Introduction...........................................................................................67 
3.2 Equipment and Materials.....................................................................69 
3.3 Experimental Methods .........................................................................70 
3.4 Results and Discussion..........................................................................74 
3.5 Summary................................................................................................88 
References............................................................................................................89 
Chapter 4 In vivo Biocompatibile Study & Biodistribution of 
Gelatin-siloxane Nanoparticles as Gene Vectors..................................91 
4.1 Introduction...........................................................................................91 














- 4 - 
4.3 Experimental Methods .........................................................................93 
4.4 Results and Discussion..........................................................................97 
4.5 Summary.............................................................................................. 114 
References.......................................................................................................... 115 
Conclusions and Future Works ...........................................................117 


























2. 我们合成了近红外敏感的药物释放载体 Au-Au2S 纳米颗粒，并对其和载顺铂





注射方法对 Au-Au2S 的分布有很大影响：静脉注射 Au-Au2S 后在肿瘤内分布
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Abstract 
Biocompatibility evaluation of nano-biomaterials is the key step to enter clinical 
study. This paper was evaluating the in vivo biocompatibility and biodistribution of 
Au, Au-Au2S, and gelatin-siloxane nanoparticles. The results were as follows: 
1. We confirmed that 100 μmol Au of different size and different shapes induced no 
immune or inflammatory response. The biodistribution, which as a close 
relationship with the time, the size and the shape, showed that the Au mainly 
deposited in reticuloendothelial system (RES) such as liver and spleen. 
2. The Au-Au2S NPs were successfully synthesized. It had good biocompatibility 
proved by hemolysis experiments, acute systemic toxicity, biochemical 
experiments, pathological testing and TEM. 87% of NPs were cleaned from the 
blood in a minute and the main deposited organs were the liver and spleen 
Cisplatin-loaded NPs showed no significant difference of biodistribution in 
healthy mice. The methods of injection were a great influence on biodistribution 
in tumor-bearing mice: it was small in tumor by tail vein injection, while had a 
good enhanced penetration and retention effect by intra-tumor injection. Hence it 
was a potential in situ vaccination or passive targeted drug delivery carrier. 
3. The gelatin-siloxane and gelatin-siloxane-Tat NPs were successfully synthesized. 
Both NPs had good biocompatibility which was confirmed by hemolysis 
experiments, acute systemic toxicity, chronic toxicity, biochemical experiments 
and pathological examination. The study of biodistribution and fluorescence 
photographs of frozen sections showed that Gelatin–siloxane NPs mainly 
deposited in the liver, spleen, lungs and kidneys; however, gelatin-siloxane-Tat 
NPs were not only in the liver, spleen, lungs and kidneys but also in the heart, 
brain, muscle and large intestine. Thus, the gelatin-siloxane NPs were potential 
gene vectors. 

































纳米构造物 颗粒尺寸 示例材料或应用 
团簇物，纳米晶体，量子点 半径 1~10 nm 绝热器、半导体、金属、磁性材料
其它纳米颗粒 半径 1~100 nm 陶瓷氧化物 
纳米线 直径 1~100 nm 金属、半导体、氧化物、硫化物、
氮化物 
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3～4 个数量级，且注入 1 天后滞留的纳米颗粒比微粒多 50％。Ferin 等[30]研究发
现当 TiO2 纳米颗粒与微粒数目小于 1×1013 时，肺中保留颗粒数才开始呈指数上
升。原因之一就是低于肺部负荷时，纳米颗粒的清除率非常高而极少进入间质，
而一旦超过负荷(颗粒数超过 1×1013)，肺部开始出现颗粒超负荷，肺部保留数目
开始增多。当 TiO2 微粒数达到 1×1014 时，同样有极高的保留率，这说明颗粒数
目比颗粒大小更能决定吸收的多少。 
1.4.1.3 颗粒的化学性质 
人群吸入高剂量 MgO 纳米颗粒及微粒，未观测到肺部炎症反应。而吸入 ZnO
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